Objective: To examine the associations of stressful experiences and social support with cognitive function in a sample of middle-aged adults with a family history of Alzheimer's disease (AD). Method: Using data from the Wisconsin Registry for Alzheimer's Prevention (WRAP; N = 623), we evaluated relationships between stressful events experienced in the past year, as well as social support, and cognitive performance in four domains: speed and flexibility, immediate memory, verbal learning and memory, and working memory. We assessed interactions between psychosocial predictors, and with APOE ε4 status. Results: Greater number of stressful events was associated with poorer performance on tests of speed and flexibility. Greater social support was associated with better performance in the same domain; this relationship was diminished by the presence of the ε4 allele.
support and social network size and strength may also protect against depression, which has been shown to be associated with reduced cognitive function across the life span (Brown, Scott, Bench, & Dolan, 1994; Butters et al., 2008; Dean, Kolody, & Wood, 1990; Gualtieri, Johnson, & Benedict, 2006; Nebes et al., 2000; Saczynski et al., 2010; Thomas et al., 2009) .
Previous literature on psychosocial factors and cognitive function has focused on the general population; to our knowledge, no studies have been done in individuals with a family history of AD who are likely at heightened genetic risk for earlier cognitive decline (La Rue, Matsuyama, McPherson, Sherman, & Jarvik, 1992; La Rue, O'Hara, Matsuyama, & Jarvik, 1995) , as well as increased stress reactivity (Peskind, Wilkinson, Petrie, Schellenberg, & Raskind, 2001) . Research findings in this high-risk group are important for targeted prevention strategies. Therefore, the purpose of this preliminary study was to examine the association of stressful experiences and different kinds of social support on cognition, using cross-sectional data from a sample of adult children with a parent diagnosed with AD (N = 623) taken from the Wisconsin Registry for Alzheimer's Prevention study (WRAP) . We hypothesized that greater levels of recent life stress would be associated with poorer cognitive performance, and that greater levels of perceived social support of any kind would be associated with better performance. We further hypothesized, in accordance with the buffering theory, that perceived social support would moderate the effect of stress on cognitive function, diminishing the negative impact. Finally, we assessed the potential interaction between the psychosocial factors and a known genetic risk factor for AD, the APOE ε4 allele. We focused on selected aspects of cognitive functioning, namely, memory and executive function. These are the first cognitive domains to show change in early stages of AD (Backman, Jones, Berger, Laukka, & Small, 2005; Twamley, Ropacki, & Bondi, 2006) , which is particularly relevant in WRAP, where participants are at increased risk for cognitive changes due to their parental family history of AD. In addition, memory and executive function are cognitive domains for which associations with social factors have been reported in prior studies (e.g., Seeman et al., 2011) .
Method

Participants
Data were drawn from WRAP, a longitudinal study of cognitive function in middle-aged and older adults who have a family history of AD (Sager, Hermann, & La Rue, 2005) . WRAP's study design and assessment protocols are described in detail elsewhere (La Rue et al., 2008; Sager et al., 2005) . In brief, participants in the family history group have at least one biological parent with autopsy-confirmed or probable AD as defined by NINCDS-ADRDA (National Institute of Neurological and Communicative Disorders and Stroke -Alzheimer's Disease and Related Disorders Association) research criteria (McKhann et al., 1984) . Many were recruited while accompanying a parent diagnosed with dementia to an evaluative visit in the Memory Assessment Clinic at the University of Wisconsin-Madison or in 1 of 16 satellite memory clinics affiliated with the University of Wisconsin Alzheimer's Institute; others learned of the study via educational presentations or word of mouth. Participants were English speaking and cognitively intact at baseline; most were between the ages of 40 and 65 (M = 54) at the start of the study. Baseline enrollment began in late 2001 and is ongoing. The first round of follow-up assessments ("Wave 2") began in 2006, with a test-retest interval of 4 years. The assessment battery was expanded from baseline to Wave 2 to include the life stress and social activities questionnaires. Thus, the data presented in this study were collected during Wave 2 visits. Exclusion criteria for the current study include history of multiple sclerosis, Parkinson's disease, stroke, epilepsy, or meningitis. In addition, although WRAP's baseline sample includes just over 7% underrepresented ethnic groups, most of these participants were not yet eligible for Wave 2 testing and the small number of ethnic minorities (n = 11) in the sample with Wave 2 data led to exclusion of those who did not self-identify their ethnicity as non-Hispanic Caucasian, resulting in a final sample of 623 participants. This study was conducted with the approval of the University of Wisconsin Institutional Review Board and all subjects provided signed informed consent before participation.
Measures
Wave 2 visits were approximately 3 hr in duration and included a battery of commonly used clinical neuropsychological tests (see Sager et al., 2005 , for a description of the cognitive battery); completion of questionnaires about health history, psychosocial factors, and lifestyle; laboratory tests; and APOE genotyping.
Neuropsychological assessment. Factor analysis using promax rotation and maximum likelihood estimation (Grice, 2001 ) was used to reduce the set of cognitive measures to a smaller number of factors and obtain weights used to combine the measures within each factor. The resulting six weighted factor scores were then standardized [~N (0, 1)] into z-scores, using means and standard deviations obtained from the whole baseline sample. Factors of interest in the present analyses included two factors representing new learning and recall (immediate memory [IM] , verbal learning and memory [VLM]), both derived from the Rey Auditory Verbal Learning test (Lezak, Howieson, Loring, Hannay, & Fischer, 2004) . There are also two factors reflecting components of executive function (working memory [WM] , derived from the Digits Forward, Digits Backward, and Letter-Number Sequence subtests of the Weschler Adult Intelligence Scale-III; speed and flexibility (SF), derived from Trails A, Trails B, and Stroop Color-Word); additional details can be found elsewhere (Dowling, Hermann, La Rue, & Sager, 2010) . Additional tests comprising two general ability factors were dropped from the WRAP battery after Wave 2, and as a result, these factors were omitted from current analyses.
Stressful events. Stressful experiences were assessed using a 12-item questionnaire adapted from the Women's Health Initiative (Matthews et al., 1997) . Participants indicated whether they had experienced common potentially stressful events (e.g., "Did your spouse or partner die?" and "Did you have any major problems with money?") in the past 12 months. Responses from all 12 items were summed to create a stress index score (possible range, 0-12). Prior to analyses, the stress index score was standardized across all participants [~N (0, 1)].
Social support. Perceived social support was assessed using a questionnaire incorporating nine items, taken from the Medical Outcomes Survey (MOS; Sherbourne & Stewart, 1991) . Participants were asked how often the various examples of support were available to them if they needed it (e.g., "Someone you can count on to listen to you when you need to talk" and "Someone to help with daily chores if you are sick"). Response options ranged from 0 (none of the time) to 4 (all of the time; Sherbourne & Stewart, 1991) . Responses from all nine items were summed to create a support index score (possible range, 0-36). Prior to analyses, the support index score was standardized across all participants [~N (0, 1)].
APOE genotyping. DNA for the APOE genotyping was extracted from whole blood samples using PUREGENE® DNA Isolation Kit (Gentra Systems, Inc., Minneapolis, Minnesota). DNA concentrations were quantified using UV spectrophotometry (DU® 530 Spectrophotometer, Beckman Coulter, Fullerton, California). Genotyping for the two APOE single nucleotide polymorphisms that determine the ε2, ε3, and ε4 alleles, rs429358 and rs7412, was done previously by WRAP and has been described in detail (Johnson et al., 2011) .
Other potential covariates. A health history questionnaire assessing demographic factors and medical and psychiatric history, as well as selected lifestyle factors such as physical activity; caregiving for a sick or limited friend or relative; and use of tobacco, caffeine, and alcohol, was completed by all participants. Participants were coded as never, ever, or current smokers and as abstinent, moderate, or heavy drinkers (abstinent = 0 drinks in the past month, moderate ≤1 or 1-2 drinks per day, heavy = 3-5 or ≥6 drinks per day). Physical activity and caffeine consumption were coded as dichotomous: Participants were categorized as active (engaging in physical activities or exercise more than four times per month) or nonactive, and heavy or not-heavy users of caffeine (heavy caffeine use = 3 or more caffeinated beverages per day). Height and weight were measured by WRAP personnel and body mass index (BMI) was calculated (kg/m 2 ).
Statistical Analysis
In preliminary regression analyses, associations between potential covariates and the four outcome variables were assessed in a partial base model and a fuller second model including health and lifestyle covariates that could confound the basic demographic variables of the base model. Covariates that were not associated at the p < .05 level with at least one outcome variable and that did not change the coefficients of any other covariate by more than 10% were excluded from final full models. Consequently, physical activity, alcohol use, and caffeine use were excluded from the final full models. After covariate effects were assessed, the two key predictor variables were individually added to the partial and the full model to better examine the role of health and behavioral confounders in the relationship between psychosocial predictors and cognitive function. In sum, the first, partial model regressed the four cognitive composite scores of interest, SF, IM, VLM, and WM, on each distinct psychosocial predictor plus age, gender, education, and number of APOE ε4 alleles. The second, fuller model also adjusted for three additional health and lifestyle factors (BMI, marital/partner status, and smoking status) potentially associated with cognitive function and the stress and support predictors. Finally, to test the buffering hypothesis, we examined the interaction between the stress and social support variables, and to test our hypothesis that the presence of a known genetic risk factor could modify the relationship between psychosocial factors and cognitive function, we examined the interaction between individual psychosocial factors and the number of APOE ε4 alleles. Each interaction term was assessed separately, after being added to the second, full covariate model. Preliminary model diagnostics established that basic regression assumptions including linearity and homoscedasticity were met. A high degree of internal consistency was observed for the items in our social support index (Cronbach's α = 0.92). Alpha value was lower (0.36) for our stressful events index; this is unsurprising, because there is little reason that the recent experience of one stressful event measured by the index should be associated with the recent experience of any other measured stressful events. Potential multicollinearity was assessed at a basic level by running preliminary Pearson correlation analyses (not shown) of variables included in the full model; additionally, tolerance values indicated that collinearity was not a concern. All analyses were performed with SAS, version 9.2 for Linux.
Results
Descriptive statistics on WRAP participant characteristics at Wave 2 are presented in Table 1 . Participant age ranged from 40 to 73 years old and the majority was female. The sample was highly educated; nearly 40% had at least some postcollege education. Prestandardization psychosocial predictor scores are also presented in Table 1 . Reported stress scores were relatively low, with a mean of 1.7 out of 12 possible points. Reported total social support was high, with a mean score of 30.5 out of 36 possible points. Means for the standardized cognitive outcome variables vary slightly from zero, indicating that average performance in the sample as a whole has improved very slightly from Wave 1, consistent with a practice effect. Table 2 presents a summary of results from preliminarily regressing SF, IM, VLM, and WM composite scores on a number of covariates. Of the health and lifestyle covariates considered, physical activity, alcohol use, and caffeine use were excluded from the final full models because they were not associated with at least one outcome variable at the p < .05 level and they did not change the coefficients of any other covariate by more than 10%. Only education showed any change from Model 1 when health and lifestyle variables were added (Model 2); the association between education and test performance in the SF domain was no longer significant in the full model. This was not true for any of the other cognitive domains. Table 3 shows coefficients for the key psychosocial predictors in base and full models. In a model adjusting for age, gender, education, and number of APOE ε4 alleles (Table 3 , Model 1), higher stress index score was significantly associated with lower SF score (β = -.117, p = .002). This relationship remained significant following the introduction of several health and lifestyle factors (β = -.094, p = .01; Table 3 , Model 2). Higher social support index score was significantly associated with higher SF score (β = .106, p = .005); this association remained in the full model (β = .084, p = .03). Neither of the psychosocial predictors was significantly associated with IM, VLM, or WM.
Main Effects
Interactions
As seen at the bottom of Table 3 , the hypothesized interaction between stress index and social support was not significant for any of the cognitive outcome measures, nor was the interaction between stress index and APOE ε4 allele count. However, for SF, there was a modestly significant negative interaction between social support and APOE ε4 allele count (β = -.118, p = .04); each additional copy of the ε4 allele appears to significantly weaken the positive relationship between social support and SF score. This relationship was not seen for the remaining three cognitive domains.
To help visualize the significant interaction, adjusted mean SF scores were calculated, stratified by tertile of psychosocial risk factor and number of APOE ε4 alleles (Figure 1) . A positive linear relationship was seen only in the group with no APOE ε4 alleles (n = 338). Among participants with one APOE ε4 allele (n = 253) or two alleles (n = 32), it appears that those reporting average levels of social support score highest on tests of SF; low and high perceived support is associated with lower adjusted mean cognitive scores.
Discussion
We examined the impact and interplay of two distinct psychosocial risk factors on the cognitive domain of SF, which plays a significant role in independent living and daily activities, as well as three domains of memory: IM, VLM and WM; these have been shown to be the domains of cognition most vulnerable to change in early AD (Backman et al., 2005; Twamley et al., 2006) . Our hypotheses, that recent life stress would be associated with poorer cognitive function and that higher levels of perceived social support would be associated with better cognitive function, appear to be supported by crosssectional data from the WRAP sample. On the other hand, we did not see the expected stress-support buffering effect, in the form of an interaction between the psychosocial factors. To our knowledge, this is the first time a study of psychosocial risk factors has focused on a large sample of persons at increased risk for AD and earlier cognitive changes due to their family history of AD. The association between recent stressful events and cognitive function varied depending on the cognitive domain in question. Stressful events were significantly associated with SF, even after adjustment for health and lifestyle factors. This relationship was seen despite generally low scores on our index of reported stressful events. No association was observed between stressful events and memory. Previous studies examining relationships between reported stressful experiences and cognitive function have generally shown mixed results; several have found that positive or negative impact varies by type of event, and that the types of events experienced may be more important than a cumulative score (Comijs, van den Kommer, Minnaar, Penninx, & Deeg, 2011; Rosnick, Small, McEvoy, Borenstein, & Mortimer, 2007 ). Although we were not able to examine the type of stressful events experienced, our finding that potentially stressful experiences are negatively associated with cognitive performance supports the underlying hypothesis that stress has a detrimental effect on brain health and cognition (McEwen & Sapolsky, 1995) .
We also examined the presumably positive impact that social support might have on all four domains of cognitive function. We found a positive relationship between perceived social support and SF, but no association between support and memory. As with stressful experiences, the association remained significant when additional health and lifestyle covariates were added to regression models. Higher reported social support has previously been positively associated with cognitive function, especially executive function, in middle-aged adults (Seeman et al., 2011) and with global cognitive function in older adults (Seeman et al., 2001) . Another recent study examining longitudinal relationships between social support and cognition found that the effect of social support was dependent on type of support represented; decreased instrumental but not subjective support was associated with diminishing cognitive function over time (Dickinson, Potter, Hybels, McQuoid, & Steffens, 2011) . The lack of association seen between our psychosocial predictors and memory is surprising given these previous findings. Possibly contributing to our null findings is our WRAP sample's higher-than-expected (with regard to age norms) performance on the AVLT, a key component of the Immediate Memory and Verbal Learning and Memory factors.
Due to an a priori hypothesis that, based on buffering models, perceived social support would modify the negative effect of stress, we ultimately included a stress-support interaction term in the model. Contrary to our expectations, the hypothesized interaction between social support and stressful experiences was not seen. One factor that cannot be discounted is the lack of variance in the stress index score; scores were quite low overall (M = 1.7 out of 12 possible points). Moreover, because some pertinent and potentially chronic stressors, such as caregiving activity, were not included in our stressful events scale, the scores may not represent all of the psychological stress participants were experiencing, especially in this population of individuals with at least one parent with AD. It is also possible that our sample was simply not large enough to detect an interaction between relatively subtle psychosocial risk factors.
We also examined the potential interaction between individual psychosocial predictors and the number of APOE ε4 alleles present. Relatively few researchers have examined gene-social environment interactions in cognitive function and decline; however, there is reason to believe that such interactions exist. Comijs et al. recently found that the presence of at least one APOE ε4 allele amplified the association between negative life events and cognitive decline in older adults (Comijs et al., 2011) . And, providing clues for a pathway for such effect modification, Noble et al. found an interaction between inflammatory biomarker C-reactive protein and the APOE ε4 allele, showing that detrimental effects of stress-related inflammation are strongest when environmental and genetic risk factors are present (Noble et al., 2010) . While we did not see a significant interaction between genetic risk and stressful events, we did find that the presence of one or two APOE ε4 alleles diminished the positive relationship between social support and SF. To further illuminate this interaction, we calculated covariate-adjusted mean SF scores for each subgroup (tertile of reported social support by number of risk alleles), and it became clear that the relationship between social support and SF becomes nonlinear in the presence of the ε4 risk allele, with those reporting in the second, or average, tertile performing better than those reporting either low or high levels of social support. While the sample size in the group with two risk alleles, generally considered at the highest risk for cognitive decline and AD, is too small to draw any conclusions about the data presented in Figure 1 , it does seem clear when looking at the one-and two-allele groups that presence of the APOE ε4 allele changes the relationship between social support and SF. This is particularly notable given that our population is limited to participants with at least one parent diagnosed with AD, so carriers and noncarriers of the ε4 risk allele remain likely to share some general risk factors, such as genetic vulnerability to cognitive decline as well as caregiving stress and potential anxiety surrounding their own perceived cognitive health. It is possible that individuals in the highest tertile of social support who have one or two copies of the ε4 risk allele may either need or perceive higher levels of social support due to declining cognition or comorbidities resulting from the ε4 risk allele.
One limitation of the current study is our inability to assess the causal nature of our relationships. The use of cross-sectional data makes parsing the likely bidirectional relationship between psychosocial risk factors and cognitive decline somewhat challenging. Another limitation is that the stressful events questionnaire does not capture chronic everyday stress, which may be important in cognitive function. Finally, it must be acknowledged that the majority of cross-sectional variance in cognition scores, particularly in a sample of middleaged adults, arises not from cognitive decline but from differences in peak levels of cognitive performance. It is therefore possible that the associations seen here represent associations with peak cognitive ability rather than early cognitive aging. Despite any limitations, however, explorations of risk factors for AD in a genetically vulnerable sample have been rare, and WRAP's comprehensive psychosocial and neuropsychological inventory provides a unique opportunity to examine relationships that are unlikely to be simple or unidirectional. Future longitudinal analyses with the WRAP cohort will allow us to begin untangling the cause-and-effect relationships among these variables.
